The scope of the present study is to contribute to future breeding studies by determining the relationship between chromosome number and morphology of naturally occurring 18 genotypes of Turkish Lolium perenne. The chromosome number for all the studied genotypes was concurrently determined as 2n=14 (x=7). Their karyotypes showed a predominance of metacentric chromosomes. In the karyotype of one genotype, submetacentric chromosomes were dominant. A total of quantitative asymmetric indices were used to evaluate karyological features of the species. A meaningful dendrogram was carried out to assess the karyotype-symmetry conditions and described the karyotype relationships between different cytotypes. Chromosome lengths in a karyotype were between 1.52-2.95 µm and there was a broad variation in asymmetric index karyotype formula. It may be proposed that the populations of the Turkish perennial ryegrass have quite an important potential relevant to chromosomal variation, and therefore this variation gives essential opportunities to agronomists to develop new cultivars in the future.
Perennial ryegrass (L. perenne L.) which is cultivated in large areas in the temperate regions of the world (Bolaric et al. 2005) , has been the first cultivated and widely used for grassland plant in the world (Avcioglu 1997) . Turkey is a small continent but in terms of biodiversity has a great importance of the existing varieties and ensures biosecurity (Kahraman et al. 2012 ). Turkey's natural flora is rich in Lolium species (Acikgoz 1994) . However, there is no Lolium cultivar developed from our own genetic resources until now. Because of the outcross, species of the genus shows high variations among the populations (Bolaric et al. 2005) .
Karyomorphological studies have always focused on taxonomic and agronomic features because chromosomes include genes about the phenotype of the plants (Ozkose and Tamkoc 2014a, b) . Chromosome exchanges among genotypes give us very important information about processes resulting in arise of genetic variation and evolution. Because of the importance of chromosomal studies in agricultural improvements, particularly in inbreeding and genotyping, many karyomorphological studies have been performed in some of Lolium species and its populations (Essad 1962 , Malik 1967 , Cai et al. 2006 , Sharifan et al. 2009 , Chen et al. 2010 , Abbas 2014 . The main aim of our study is to determine the chromosomal features of Turkish perennial ryegrass (L. perenne) to investigating genotypes.
Materials and methods
Eighteen genotypes collected from natural habitats during the studies in the scope of TUBITAK 110O312 project and selected for grass breeding program in TU-BITAK 1060159 project were used for chromosome observation. Then, the clones for chromosomal studies were originated from these natural genotypes. Genotype names, localities, latitudes, longitudes, and elevations are shown in Table 1 .
For chromosome observations, three clones from each genotype were obtained and they were grown in pots. Later, root samples were daily taken between am 8-10 from these pots. Root tips were pretreated with 0.002 M 8-hydroxyquinoline at 4 C for 8 h and fixed with Carnoy fixative for 24 h at 4 C. Before staining, the material was hydrolyzed with 5 M HCl for 1 h at room temperature, stained with 1% aceto-orcein and squashed in 45% acetic acid. Slides were made permanent in Euparal (Waldeck). At least ten metaphases were examined in each sample; the best metaphase plates were photographed with a digital camera (Olympus DP-72), mounted on an Olympus BX53 microscope. Idiograms and karyotype analyses were carried out using KA-MERAM 2.9.4.0 program (ARGENİT Microsystems, İstanbul, Turkey). We took into account five different asymmetry indices to analyze the karyomorphology of the Lolium varieties using KAMERAM. Chromosome nomenclature followed Levan et al. (1964) with the symbols m and sm designating metacentric and submetacentric chromosomes, respectively. The intrachromosomal asymmetry index (A 1 ) and the interchromosomal asymmetry index (A 2 ) proposed by Zarco (1986) were used. Karyotype asymmetry was also calculated according to the index of Paszko (2006) (Table 3) . Finally, a dendrogram was prepared using the conclusions of A1, A2, CVCL, CVCI, and AI indices. The specific karyotype dispersions of the analyzed Lolium genotypes were obtained with the aid of a two-dimensional graphic sourced from the AI-CVCl indices.
Results and discussion
All the 18 genotypes of Turkish Lolium examined in this study had diploid chromosome numbers 2n=14 (Fig.  1 ) consist with previous count (Cai et al. 2006 , Chen et al. 2010 . There were two types of chromosomes of m and sm in the karyotype, and the majority of the chromosomes were m chromosomes (Table 1) . However, the analyzed karyotypes are quite varied in terms of chromosome karyomorphology. In according to information coming from the Abbas (2014) , annual ryegrasses, such as L. temulentum and L. rigidum have a similar karyotype of perennial ryegrasses. This similarity in karyotype indicates that the perennial ryegrasses are mainly similar to the annuals ryegrass in terms of karyotype.
As can be seen from the examinations (Tables 1, 2 and Source: Location, latitude, longitude, and altitude of karyotypes were taken from the project TUBITAK 110O312. Levan et al. (1964) When the asymmetry indices were examined, it was found that karyotype of the B-117 had the lowest asymmetry index (0.47) and karyotype of the A-149 showed the highest asymmetry index (2.85) ( Table 3) . From this point of view, it can be said that karyotype of A-149 has more variations in chromosome morphology than the others. Asymmetry index of the remaining genotypes is at most 2.4. It is also seen that the karyotypes of ryegrasses display variation from symmetric to asymmetric chromosomes but asymmetric is more common (Table 3) .
A dendrogram indicating the karyomorphologic distance of ryegrass was conducted by using mean values of all indices calculated in here. According to the dendrogram showing the karyomorphological relations of the ryegrass karyotypes, one of the most symmetric karyotypes studied is that of the B-117 genotype (Fig. 3) and it is seen the most different karyotype comparing to the others. According to all chromosomal data obtained, the ryegrasses are divided into two main groups, and A-134 and B-35, G-500 and B-1, G-504 and A-155 genotypes on the dendrogram can be evaluated as the closest karyotypes. The karyotypes of B-110, G-501, B-59, A-43 are similar to each other. The genotypes (G-501 to 602, 234 to 603, A-24 to G-506) have similar karyomorphological features positioned within the same clade (Fig. 3) . The most asymmetric karyotypes are belonging to A-155 and G-504, respectively.
According to the distribution graph based on A1 and CV CI index (Fig. 4) , the karyotypes of the genotypes can be evaluated in four groups with regard to chromosome morphology. In the group 1, both the asymmetry index and the centromeric index variation are quite low (AI 1, CVCI 7). Karyotype of B-117 with symmetric chromosomes considering primitive type contains the lowest values of chromosome shape variation. Thus, these chromosomes are quite similar in the centromeric index and chromosome length variation (Fig. 4) . The karyotypes of G-504 and A-134 are quite similar. It may be regarded as genotypes belonging to the same or closely related taxa. The karyotypes of the A-155 and B-35 are similar in Al and CV but differ by having different karyotype. These genotypes contain more variations than the first group. It also means that the karyotypes are more stable in terms of chromosomal alterations and recombinations compared with groups 3 and 4. A-43 and B-59, which share the same karyotype formula (1.5 AI 2, 8 CV CI 13), are also related to the variation of CV and Al from the karyotypes in the group 3. Within the group, B-110 and 601 have the similar karyotype, variance values, and indices so that they might be evaluated as other connected genotypes. A-24 and G-506 had unique karyotype formulas as well as by having a high degree of Al. All genotypes of group 4 share the same karyotype formula, showing similar asymmetry and centromeric index variation (2 AI 2.5, 9 CV CI 14). On the other side, genotypes 234 and 603 had similar high values of centromeric index variation and asymmetry index of chromosomes. It may also be pointed out that the karyotypes in the group 4 have more asymmetric chromo- somes compared with the other group. However, there is a certain similarity among genotypes in the centromeric index and karyotype of the group 3, but group 3 is highly varied compared with the rest groups (Fig. 4) . Three ryegrass species, L. perenne, L. rigidum and L. temulentum had karyotype formula of 5m+2sm and other three species L. rigidum, L. multiflorum and L. loliaceum had karyotype formula of 6m+1sm (Abbas 2014) . In L. persicum, L. rigidum, L. multiflorum and L. loliaceum have metacentric karyotype (7m). There is no morphological difference between the annual L. rigidum and L. loliaceum, as they are similar in the asymmetric karyotype. According to the information from the scatter graph, it is thought that the genotypes in the groups 1 and 2 may be related to L. rigidum, L. multiflorum and L. perenne when the karyotype formula and chromosome asymmetry are considered (Ma et al. 2013) . In general, studies have shown that those with primitive type karyotypes are associated with L. rigidum and those with types of anthropometric symmetric chromosomes are associated with L. perenne or perennial L multiflorum. We could also assume that those younger (derived) asymmetric chromosome types assoseated with annual and perennial ryegrass and perennial hybrids (L. hybridum, L. perenne rigidum) (see Fig. 4 ).
It is clear from our findings that the wild ryegrasses and their genotypes have a chromosomal dynamism and there is continuously chromosomal exchange or alterations among ryegrass species and their populations. Most likely, these chromosomal dynamisms and karyomorphological changes seen in genotypes might source from hybridization with close taxonomic groups, taxa or populations, as well as geographical overlaps, we believe that more work must be conducted to accept such a theory. Karyotypes of B-117 and G-504, which are composed entirely of m chromosomes (7m, primitive or ancestral type), form the perennial ryegrass karyotypes collected from the Mediterranean region, Isparta Şarkîkarağaç, Antalya Akbelenli region. In addition to the characteristics of the species, karyomorphological characteristics and the karyotype seem to be associated with L. rigidum species (Malik 1967 , Abbas 2014 . The other three grass genotypes with perennial G-500, G-501, and G-506 collected from the same province appear quite different in karyomorphology as well as having quite different karyotype formulas (groups 3 and 4 according to the diagram). As a general contribution, the study includes the broad chromosomal describing of Turkish ryegrass and it indicates there areis a broad chromosomal variation and different karyotypes among Turkish ryegrass. This variation and different karyotypes may be a potential in breeding and agricultural efforts in the future.
